Disturbances of colour recognition after hemispheric cerebral lesions have been repeatedly described in the literature. The attention of the authors, however, has been more often attracted by deficits related to colour naming, colour-sorting (so-called 1 'colour agnosia'), and colour-object association and to their prevalent occurrence in patients with lesions of the dominant hemisphere (Sittig, 1921; Lange, 1936 ; Kinsbourne and Warrington, 1964) , than by mere impairment of colour-discrimination. Although this last symptom has long been known to follow injury to the central optic pathways in both the contralateral and the ipsilateral visual half-field (Reinhard, 1887; Best, 1917; Teuber, 1960; Critchley, 1965) , the frequency of its appearance and the wavelengths of the light spectrum that are preferentially involved are still imperfectly known. Several authors (Axenfeld, 1915; Poppelreuter, 1917; Kleist, 1934; Lehrmitte, Chain, and Aron, 1965 ; and others) have examined either single cases or small numbers of cases of hemispheredamaged patients and have come to the conclusion that the errors made by these patients on chromatic ophthalmological tests are more frequent in certain sectors of the light spectrum. They have maintained that error patterns in central dyschromatopsia are comparable with those of retinal (congenital) dyschromatopsia, such as the syndrome of tritanopia (Lhermitte et al., 1965) , red-green dyschromatopsia (Poppelreuter, 1917; Potzl, 1928; Kleist, 1934) , or impairment limited to red only or to green only.
In a recent study, De Renzi and Spinnler (1967) De Renzi and Faglioni, 1965) were not significantly different in the four hemisphere-damaged subgroups ( Table 1) .
The average age in years of each subgroup was: C, 50 3; L-, 52 1; L+, 54-9; R-, 49-9; R+, 58 5 (range: 17 to 86 years). The average educational level (in years of schooling) was: C, 5.9; L-, 5 6; L+, 6-9; R-, 6 1; R+, 4 9 (range: 0 to 19 years of schooling).
TESTING PROCEDURE All patients were given the Farnsworth-Munsell 100 Hue Test (Farnsworth, 1943 an example performed by the examiner with the first 10 chips of the first box of the FMT. The patient was asked to perform the same task, with the hand ipsilateral to the hemispheric lesion, as soon as the examiner had finished. The demonstration could be repeated several times, until the examiner was satisfied that the patient had clearly grasped the task. All patients were able to understand the task. The patients carried out the entire test in a single sitting. They used both eyes and were allowed to wear their spectacles if necessary. In order to minimize the possible role of visual exploration, the chips of each part of the FMT were grouped on the table in front of the patient within a circular area about 15 cm in diameter. No time limit was set for completing the test, but it never took more than 20 minutes. A score was given to each chip according to its position in the series, following the rules established by Perdriel (1962) . This is an error score-that is, a flawless performance gets score 0, and the greater the displacement of the chip, the higher the score.
Instead of carrying out the statistical analyses on the 85 scores, Farnworth's was restricted to five sectors, corresponding to different ranges of hues:
1. R-Y sector (red-yellow), containing 17 chips (from no. I to no. 17).
2. Y-G sector (yellow-green), containing 18 chips (from no. 18 to no. 35).
3. G-B (green-blue) sector, containing 18 chips (from no. 36 to no. 53).
4. B-P sector (blue-purple), containing 17 chips (from no. 54 to no. 70).
5. P-R sector (purple-red), containing 15 chips (from no. 71 to no. 85).
As the five sectors do not contain the same number of chips, the average score of all chips in each sector was computed. The performance of each patient was defined by these five averages (sector scores).
STATISTICAL ANALYSES The scores of the five sectors of the FMT diagram, adjusted for age and years of schooling, were submitted to a multivariate analysis of covariance (Anderson, 1958 (Elston and Bush, 1964) . The analysis was carried out according to the model designed by Bock (1963) and by Cole and Grizzle (1966) for repeated measurements and by Morrison (1967) for the analysis of psychological profiles. The error was controlled for each hypothesis (Miller, 1966) : the hypothesis was considered to be univariate when it was concerned with the effects of the brain lesion, of the hemispheric side of the lesion, of VFD and of the interaction between the last two factors; tetravariate, when it was concerned with the effect of the test and its interactions with the preceding factors. Table 2 shows the mean scores (adjusted for age and years of schooling) obtained by the five experimental subgroups in each of the five sectors. It should be remembered that these are error scores, so that the greater the score, the worse the performance.
The multivariate analysis of co-variance showed that performance of patients with brain lesions was poorer (P < 0 0001) than that of patients without brain lesions.
Within the brain-damaged subjects, the interaction between hemispheric side of the lesion and presence/absence of VFD was highly significant (P < 0-001). Inspection of the means (reported in Table 2 ), but that this difference did not vary in the five subgroups, as indicated by the fact that none of the interactions, involving sector effect, was significant. In order to find the sector responsible for the difference, the mean scores on the five sectors were compared with one another using the method described by Roy and Bose (1953) . Comparisons were performed both on the pool of all subjects, and separately on each of the five subgroups. In any comparison only the G-B sector (corresponding to the green-blue hues) was found to differ significantly from each of the other sectors. This indicates that the green-blue range of colour was the most difficult one both for the controls and for each of the hemisphere-damaged subgroups. We defined as 'deviant' any hemisphere-damaged patient whose score fell below the 2-5 %0 confidencelimit of the control subgroup on at least one sector. Fifteen 'deviant' patients were found. Table 4 shows their overall clinical characteristics, the sector in which they scored below the confidence limit, and the scores obtained on a number of neuropsychological tests, administered to them in our laboratory for other purposes.
These tests were the following: (1) the Token Test (De Renzi and Vignolo, 1962) , a measure of aphasic impairment of language comprehension; in the version employed here the score ranges from 0 to 164; (2) the Ghent Overlapping Figures Test in the multiple-choice version (De Renzi, Scotti, and Spinnler, 1969) , and (3) the Profile-Front Faces Test (De Renzi, Faglioni, and Spinnler, 1968 )-both (2) and (3) are tasks of subtle visual discrimination (score-range 0 to 32 and 0 to 10, respectively); (4) the Raven Coloured Progressive Matrices, a general intelligence test (score-range 0 to 36); (5) the Copying Crosses Test (De Renzi and Faglioni, 1967) , a spatial localization test also sensitive to visual hemi-inattention formances on the tests are marked with an asterisk on Table 4 . For the Token Test, the asterisk indicates that the score falls below the cutting score of 124, corresponding to the worst performance of the right brain-damaged patients. For the remaining tests, it indicates that the score falls below the median score of the subgroup to which the patient belongs. Inspection of Table 4 confirms that most 'deviant' subjects (eight out of 15) belong to the R+ subgroup. The table also shows that no sector is selectively impaired in 'deviant' patients: nine patients fail on sector B-P, seven on Y-G, six on R-Y, five on G-B and three on P-R. Over one half of the patients (eight out of 15) fail on more than one sector with no apparent rule.
The scores of the 15 'deviant' patients on the Ghent Overlapping Figures Test, the Profile-Front Faces Test, the Raven Coloured Progressive Matrices Test, and the Copying Crosses Test were compared with those of the 149 'non-deviant' patients. The two groups were not significantly different with respect to aetiology (X2 = 0492; df = 2; P = ns) and length of illness (X2 = 2 565; df = 2; P = ns). It was found that the scores of the 'deviant' patients were significantly lower (P < 0002) than those of the 'non-deviant' ones on each of the above-mentioned tests.
DISCUSSION
The results of this study showed that the worse performance of the right hemisphere-damaged patients and of patients with VFD is to be attributed to the R+ subgroup only, which performs significantly more poorly than both the controls and the other hemisphere-damaged subgroups. No significant difference, on the other hand, emerges between the performances of the control patients and those of the three hemisphere-damaged subgroups, nor between one another of these subgroups. The observation that the presence of VFD affects the performance only when it is associated with a lesion of the right hemisphere indicates that the negative effect of VFD is not due to the visual impairment per se. The value of VFD consists, rather, in pointing to a lesion of the retro-rolandic areas. In this sense, the specific failure of the R+ patients is to be interpreted as indicating that the retro-rolandic areas of the right hemisphere are crucial for colour-discrimination. This conclusion is in keeping with previous results from our laboratory, showing that right retro-rolandic hemisphere-damaged patients are specifically impaired on tasks requiring subtle perceptual discrimination of a number of visual stimuli, both coloured and not coloured (De Renzi et al., 1969; Faglioni and Spinnlei, 1969) .
The results of this study do not support the claim that hemisphere-damaged patients with colour imperception ('central dyschromatopsia') are specifically impaired on certain sectors of the light spectrum. Inspection of Fig. 1 shows that brain-damaged patients make more errors on the green-blue sector of the test, but so do the control patients. The poorer performances of non-brain-damaged subjects on the green-blue sector is known (Verriest, van der Velde, and van der Donck, 1962) . OuI findings demonstrate that the performance profiles of the braindamaged patients are virtually identical with those of the non-brain-damaged subjects. The right braindamaged patients with VFD (R+ ) are more impaired than the others because they make more errors on all sectors, and not because they selectively fail on any one sector. Likewise, no preferentially impaired sector is found in the selected group of patients with exceedingly poor colour-disci imination ('deviant' patients). As Table 4 shows, these patients may fail on virtually any sector. Therefore, the statement that the error patterns of central dyschromatopsia are strictly comparable with those of retinal dyschromatopsia is not warranted by the present findings.
A study of the performances of the 'deviant' subjects on other visuo-perceptual tests may give us some insight as to the nature of their disturbance. Their Renzi and Spinnler (1966) .
The failure of the 'deviant' patients on the Copying Crosses Test deserves comment. In this test the patient is asked to reproduce a model drawing consisting of a number (up to 16) of small crosses. The model sheet is then superimposed on the answer sheet, and the distance (in mm) between a copied cross and its model is measured. The error score is the sum-total of these distances. Omission of a cross is given a score of 140 mm, equal to half the width of the model sheet. The test was designed as a spatial localization test; however, since omission of a cross is heavily penalized, it turned out to be particularly sensitive to visual hemi-inattention (unilateral spatial neglect), which often causes the patient to neglect one half of the model .
The question then arises as to whether the FMT, too, is sensitive to hemi-inattention; patients might perform poorly because hemi-inattention prevents them from getting an overall view of the chips to be arranged in a line in the guide box. Although care was taken to group the chips within a small area of the centre of the residual visual field, the possibility that some patients with severe hemi-inattention were handicapped during the test cannot be excluded. In order to verify this, we singled out patients with hemi-inattention, on the basis of performances on the Copying Crosses Test: patients who omitted at least one cross in a half visual field were defined as having hemi-inattention. We found 17 patients with hemi-inattention, of whom 12 were among the 63 right hemisphere-damaged patients and five among the 101 left hemisphere-damaged ones. Five of them were 'deviant' on the FMT and 12 were 'non-deviant'. This indicates that hemi-inattention was significantly more frequent in the 'deviant' group than in the 'non-deviant' group (X2 = 12 367, P < 00005). However, as it was present in only five out of 15 'deviant' subjects, hemi-inattention cannot be held responsible for the poor performance of all of them on the FMT.
SUMMARY
Eighty control subjects, 101 left hemisphere-damaged patients (65 without and 36 with visual field defects), and 63 right hemisphere-damaged patients (39 without and 24 with visual field defects) were given the Farnsworth-Munsell 100 Hue Test (FMT).
The aims of this investigation were (1) to study the influence of the hemispheric side of lesion, of the presence or absence of homonymous visual field defect and of the interaction of these two factors on colour-discrimination; (2) to evaluate whether the failure of control and brain-damaged patients was specifically related to certain sectors of the colour spectrum; and (3) to ascertain possible differences between the profiles of the different subgroups. Only right hemisphere-damaged patients with visual field defects turned out to be significantly impaired in comparison with both the control subgroup and the other hemisphere-damaged subgroups, which in turn did not differ among themselves. However, the difference between the right hemisphere-damaged patients with visual field defects and the other subgroups was quantitative and not qualitative, since green-blue discrimination was found to be equally difficult for all subjects.
When patients with extremely poor FMT scores in comparison with those of the controls were identified, they were found to be impaired also on other noncolour perceptual tests.
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